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(54) Optical path length variation for laser influencing 



(57) The present invention relates to a device for in- 
fluencing an optical path length of a laser beam traveling 
a path (4), comprising: material (32, 42) in at least a part 
of the path (4) , the material (32, 42) being voltage-, mag- 
netism-, pressure-, humidity- and/or temperature-sensi- 



tive, a changing element for changing the voltage, mag- 
netism, pressure, humidity and/or temperature applied 
to the material (32, 42) to change a respective property 
of the material (32, 42) in a way which influences the 
optical path length of the path (4). 
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BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to Influencing a 
laser. 

[0002] In the optical communication industry there is 
a need for testing optical components and amplifiers 
with lasers that can be tuned and influenced as required. 

SUMMARY OF THE INVENTION 

[0003] Therefore, it is an object of the invention to pro- 
vide improved influencing of a laser. The object is solved 
by the independent claims. 

[0004] According to the present invention, a material 
or device being sensitive in a characteristic property is 
applied in a path of a laser beam. The characteristic 
property can then be changed or varied for influencing 
the optical path length of the path. 
[0005] The material or device (in the following - for the 
sake of simplicity - only referred to as 'material') can be 
any allowing to controllably vary its optical path length 
by applying a control property or signal thereto. Pre- 
ferred embodiments may comprise pressure or stress 
induced variations of the optical path length, electro-op- 
tic modulators, optical piezo effect devices, liquid crys- 
tals (LC), or other adequate materials or devices. 
[0006] The present invention thus allows influencing 
the optical path length of the laser beam traveling e.g. 
in a cavity. The invention provides easy and precise in- 
fluencing for all kind of possibilities, e.g. tuning a laser 
beam, stabilizing a mode of a laser beam, stabilizing the 
wavelength of the laser beam or filtering a certain wave- 
length of a laser beam. Influencing a laser according to 
the present invention makes it possible to enhance the 
quality of the laser beam produced by the used laser 
source or laser cavity just by using known laser sources 
or laser cavities and incorporating the invention. 
[0007] In a preferred embodiment of the invention, the 
material comprises a liquid crystal (LC). By using LCs, 
the present invention can be realized simple and cheap. 
The LC can be connected to a voltage source and can 
be influenced therewith easily. Especially the refractive 
index of such a LC can be influenced by different volt- 
ages and/or currents applied to the LC. By placing such 
LC in the path on which a laser beam is traveling, the 
optical path length of such a path can be manipulated 
easily. 

[0008] A preferred embodiment of the present inven- 
tion is claimed in a parallel application filed by the ap- 
plicant (internal reference no. 20010438) at the same 
day as the present application, which application is in- 
corporated herein by reference. 
[0009] In a further preferred embodiment, the change 
of the optical path length is modulated, preferably in a 
sinusoidal way. This can be done by providing a (e.g. 
sinusoidally) modulated electrical control signal for the 
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LC that produces a (sinusoidal) optical path length var- 
iation. This leads to a frequency modulated output laser 
light with sidebands located at the carrier modulation 
frequencies and their higher harmonics if such LC is pro- 

5 vided for tuning a laser. 

[0010] For tuning a laser according to the invention, 
it is further preferred to change the optical path length 
to stabilize a mode of the laser beam within a small 
wavelength range. This range can be of the order of one 

10 mode spacing. In this embodiment, it is possible by a 
change of the optical path length to shift the lasing mode 
to the desired wavelength. This can also be done apply- 
ing an external electrical signal to the LC as a control 
signal for the reflective index of the LC to tune the laser 
to the desired wavelength. 

[001 1] Another example of the inventive method pro- 
vides a reduction of coherence of the laser light. This 
reduction can be used to avoid stimulated Brillouin Scat- 
tering or to avoid unwanted interference. A rapid change 

20 of the lasing mode wavelength by a change of the optical 
path length will produce laser light with these properties. 
An electrical control signal, which can be derived for ex- 
ample from random noise, can allow for the necessary 
optical path variations caused by the variation of the re- 

25 tractive index of the LC. 

[001 2] A preferred embodiment of the invention uses 
the material being a part of an etalon. This can be done 
for example by using a LC with highly reflective coatings 
on both sides. In such a LC, the highly reflective coated 

30 sides are the etalon mirrors. The tuning effect is again 
due to the optical path length change between the two 
highly reflective coated etalon mirrors. This device can 
be placed in the cavity of a laser source and its trans- 
mission wavelength can be controlled by the applied 

35 electrical signal to the LC. Furthermore, it is possible to 
reduce light at unwanted wavelengths (for example 
Source Spontaneous Emission (SSE) or longitudinal 
side modes), if the tuning mechanism of the tunable la- 
ser source in which the LC is placed and the etalon 

40 transmission wavelength are at least approximately 
synchronized which each other. 
[0013] Another preferred embodiment of the invention 
uses the material in the path of the laser beam for pro- 
viding a wave front correction of the laser beam. To 

45 achieve this goal the material can be built to provide a 
spatial variation, preferably a lateral variation of its prop- 
erties, e.g. the refractive index. This can be achieved 
for example by multiple electrodes on each side of a LC 
layer. Individually switched these electrodes can p ro- 
se duce a controllable electrical field, which varies over the 
lateral expansion of the respective LC layer. This varia- 
tion can be utilized to correct the wave front errors or to 
create wave fronts with controllable and/or defined char- 
acteristics. A preferred embodiment for wave front var- 

55 iations is to emulate a 'lens' by laterally varying (i.e. per- 
pendicular to the propagation direction of the laser 
beam) the refractive index effect. 
[001 4] The above-mentioned LC devices have the ad- 
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vantage that they can be placed anywhere within a cav- 
ity of a laser source. They can be inserted as a trans- 
missive device, placed anywhere in the beam path. 
Preferably, they are slightly tilted with respect to the in- 
coming beam to avoid any unwanted multi mirror effects 
due to none perfect anti reflection coatings of the respec- 
tive LC. However, a LC can also be used a reflective 
device. For such a reflective device one side of the LC 
device is highly reflective coated and acts as a cavity 
mirror. However, it is clear that the body of the LC is still 
in the path of the laser beam. Therefore, the body of the 
LC is still a transmissive device. Moreover, the other 
side of such LC device can still be antireflective coated 
to allow for maximum transmission into the body of the 
LC. 

[0015] Other preferred embodiments are shown by 
the dependent claims. 

[0016] It is clear that the invention can be partly em- 
bodied or supported by one or more suitable software 
programs, which can be stored on or otherwise provided 
by any kind of data carrier, and which might be executed 
in or by any suitable data processing unit 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other objects and many of the attendant ad- 
vantages of the present invention will be readily appre- 
ciated and become better understood by reference to 
the following detailed description when considering in 
connection with the accompanied drawings. The com- 
ponents in the drawings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating 
the principles of the present invention. Features that are 
substantially or functionally equal or similar will be re- 
ferred to with the same reference sign(s). 
[0018] Fig. 1-4 show different embodiments of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 9] Referring now in greater detail to the drawings, 
Fig. 1 shows a schematic view of a first embodiment 1 
of the apparatus of the present invention. The apparatus 
1 of Fig. 1 comprises an external cavity 2, in which laser 
light provided by an active medium (not shown), e.g. a 
laser diode, can resonate to provide a laser beam 4. The 
beam 4 travels in the cavity 2 along a path between a 
cavity end element 6 and a tuning element 8 of the ex- 
ternal cavity 2. The cavity end element 6 and the tuning 
element 8 both (providing a high reflective mirror) pro- 
viding the cavity mirrors. 

[0020] The apparatus 1 further comprises a disper- 
sion element 10 introduced in the path of the beam 4 for 
selecting at least one, preferably a longitudinal, mode 
of the laser. The dispersion element 10 comprises a 
grating (not shown). 

[0021] The tuning element 8 can be rotated by an ac- 
tuator (not shown) about a pivot axis (not shown) to tune 
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the laser. The pivot axis is theoretically defined by the 
intersection of the surface plane of the cavity end ele- 
ment 6, the surface plane of the dispersion element 10 
and the surface plane of the tuning element 8. 
s [0022] It is clear that the positioning of the elements 
6, 8, 10 according to Fig. 1 is only schematic and not 
the ideal case of th3 positioning of the elements 6, 8, 
10. The elements 6, 8, 10 however can be positioned in 
another way, i.e. in other angles or positions as shown 
10 in Fig. 1. 

[0023] In the path 4 of the laser beam there is intro- 
duced additional material 32. The additional material 32 
serves to change the optical length of the path 4 to at 
least partly compensate a shift between the real position 

15 of its rotation axis and the theoretically defined position 
(be aware that Fig. 1 is only a schematic illustration not 
to scale, therefore the axis is not shown). For further 
details about the predetermined path, reference is made 
to the parallel application mentioned above. In Fig. 1 are 

20 shown two collimators 34 and 36 to provide collimated 
laser light within the laser cavity (collimator 34) and to 
collimate the laser light 38 leaving the cavity end ele- 
ment 6 (collimator 36). The additional material 32 is ex- 
plained in further detail with respect to Fig. 2. 

25 [0024] An example of a refractive index changing ma- 
terial is shown in Fig 2. The additional material 32 is a 
so-called nematic LC (liquid crystal) retarder that pro- 
vides phase shifts up to several pi. A phase shift of one 
pi corresponds to 1 mode spacing in cavity 2 with liquid 

30 crystal molecules 40. The liquid crystal molecules 40 are 
confined by two electrodes, here indium tin oxide (ITO) 
layers 46. The ITO layers 46 are contacted by wires 44 
to receive a potential V. Part a) of Fig. 2 shows a situa- 
tion with V = 0. In this case, the liquid crystal molecules 

35 40 are aligned parallel to each other. This alignment is 
induced by layers 42 located on layers 46. Layers 42 
and 46 are supported by glass substrate layers 48. All 
layers 42, 46 and 48 are transparent for the laser light 
of light beam 4. However, liquid crystal molecules 40 in 

40 the additional material 32 provide phase retardation to 
the laser light of light beam 4. This phase retardation is 
maximum with V = 0 as shown in part a) of Fig. 2. 
[0025] When V is at its maximum the phase retarda- 
tion is at its minimum as shown in part b) of Fig. 2. In 

45 this case, the liquid crystal molecules 40 are only partly 
aligned to each other. 

[0026] Additional material 32 does not change the 
state of polarization of light beam 4 as indicated by ar- 
rows 50 in Fig. 1 . 

50 [0027] Fig. 3 shows a second embodiment 41 of the 
present invention. The general setup of embodiment 41 
is similar to embodiment 1 of Fig. 1 . However, in the path 
4 of the laser beam there is introduced an etalon 42. The 
etalon 42 is built up by a LC 32 according to Fig. 2. The 

55 etalon 42 is slightly tilted with respect to the incoming 
beam 6 to avoid any unwanted multi mirror effects due 
to non perfect anti reflection coatings of the LC 32. How- 
ever, the LC 32 is modified by two highly reflective coat- 
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ings 47 placed on the inner surfaces of the ITO layers 
46. Thereby, an etalon 42 is created which can be ma- 
nipulated by the same electrical signal applied to etalon 
42 of Fig. 2. However, by changing the voltage applied 
to etalon 42 the transmission wavelength of etalon 42 s 
can be manipulated, preferably synchronized with the 
tuning mechanism of the tuning element 3 to reduce light 
of unwanted wavelength, for example SSE or longitudi- 
nal side modes. 

[0028] Fig. 4 shows a fourth embodiment 60 of the 10 
present invention. In this embodiment, the LC 32 serves 
also as a tuning element 8. To serve as the tuning ele- 
ment 8 only one ITO layer is coated by a highly reflective 
coating 47. 

15 

Claims 

1. A method of influencing an optical path length of a 
laser beam (2) traveling a path (4), comprising the 20 
steps of: 

providing a material (32, 42) in at least a part 
of the path (4), the material (32, 42) being sen- 
sitive in a characteristic property, and 25 

changing the characteristic property of the ma- 
terial (32, 42) in a way which influences the op- 
tical path length of the path (4). 

30 

2. The method of claim 1 , wherein the characteristic 
property is at least one of thickness, optical path 
length, or refractive index of the material (32, 42). 
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the spatial, preferably lateral, position in the la- 
ser beam. 

7. The method of any one of the claims 1-6, further 
comprising the step of: 

varying the characteristic property of the mate- 
rial spatially, preferably laterally, depending on 
the position in the laser beam. 

8. A method of tuning a laser, comprising the steps of: 

providing a laser beam (4) to an external cavity 
(2), the laser beam (4) traveling through mate- 
rial (32, 42) along a path (4) between a cavity 
and element (6) and a tuning element (8), the 
path (4) having an optical path length, 

selecting a least one mode of the laser by in- 
troducing a dispersion element (1 0) in the path 
(4) of the laser, and 

changing the optical path length of the path (4) 
by the method of any one of the claims 1-7 to 
stabilize a mode of the laser. 

9. The method of claim 8, further comprising the steps 
of: 

measuring the real wavelength, 

comparing the real wavelength with the desired 
wavelength, and 



35 generating a control signal depending on the 

deviation for controlling the amount of change 
necessary to at least partly compensate any 
deviation of a real wavelength from a desired 
wavelength. 



3. The method of the claims 1 or 2, wherein the char- 
acteristic property of the material is sensitive to at 
least one of voltage, magnetism, pressure, humid- 
ity, or temperature. 

4. The method of any one of the claims 1 - 3, further 
comprising the step of: 

additionally or alternatively changing the quan- 
tity of the introduced material (32, 42) in the 
path (4) to influence the optical path length of 
the path (4). 

5. The method of any one of the claims 1-4, further 
comprising the step of: 

modulating the change of the optical path 
length of the path (4), preferably using a mod- 
ulation on a sinusoidal bases. 

6. The method of any one of the claims 1-5, further 
comprising the step of: 

varying the optical path length in a function of 



10. The method of any one of the claims 8 or 9, further 
comprising the steps of: 

performing the change of the optical path length 
45 rapidly, preferably by deriving a control signal 

for the change from random noise to reduce the 
coherence of the laser. 

11. The method of any one of the claims 8-10, further 
so comprising the step of: 

synchronizing tuning of the laser with a trans- 
mission wavelength of the etalon (42). 

55 1 2, A software program or product, preferably stored on 
a data carrier, for executing the method of any one 
of the claims 1 to 11 when run on a data processing 
system such as a computer. 
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13. A device for Influencing an optical path length of a 
laser beam traveling a path (4), comprising: 

a material (32, 42) in at least a part of the path 
(4), the material (32, 42) being sensitive in a s 
characteristic property, 

a changing element for changing the character- 
istic property of the material (32, 42) in a way 
which influences the optical path length of the 10 
path (4). 

14. The device of claim 13, wherein the characteristic 
property is at least one of thickness or refractive in- 
dex of the material (32, 42). 15 

1 5. The device of the claims 1 3 or 1 4, wherein the char- 
acteristic property of the material is sensitive to at 
least on of voltage, magnetism, pressure, humidity, 
or.temperature. 20 

1 6. The device of any one of the claims 13-15, wherein 
the material (32, 42) provides a spatial, preferably 
a lateral, variation in its characteristic property. 

25 

17. The device of any one of the claims 13-16, wherein 
the material (32, 42) comprises a liquid crystal (32). 

18. The device of any one of the claims 13-17, wherein 

the material (32, 42) is at least a part of an etalon 30 
(42). 

19. An apparatus for tuning a laser, comprising: 

an external cavity (2) for receiving a laser beam 35 
(4), the laser beam (4) traveling through mate- 
rial along a path (4) between a cavity end ele- 
ment (6) and a tuning element (8), the path (4) 
having an optical path length, 

40 

a dispersion element (1 0) introduced in the path 
(4) of the laser for selecting at least one mode 
of the laser, 

a changing element for changing the optical 45 
path length of the path (4) comprising the de- 
vice of any one of the claims 13-18. 
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